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摘  要 
 亚历山大藻（Alexandrium）是一类广泛分布的海洋甲藻，不仅能合成麻痹性
贝毒（Paralytic shellfish toxins, PST），引起海洋生物和人类中毒，还是引起有害














离飞行时间质谱（MALDI-TOF/TOF MS）结合蛋白从头测序（de novo sequencing）
和同源搜索，建立了严格的甲藻蛋白质多级鉴定方法。首先，采用 MASCOT 方
法鉴定目前数据库中存在同源肽段的蛋白质，其次，采用甲藻表达序列标签
（Expressed sequence tag，EST）数据库以及 BLASTX 分析来检索同源蛋白，
后，采用自动从头测序和基于同源搜算法的 MS-BLAST 对那些不确定
（Borderline）的蛋白进行同源性检索。运用建立的甲藻蛋白质鉴定标准流程，
在亚历山大藻中成功地鉴定到 38 个细胞表面蛋白及 216 个代表低、中、高丰度
蛋白，初步建立了甲藻细胞表面蛋白及全蛋白数据库。本文所建立的蛋白鉴定方
法为甲藻蛋白质组研究提供了强大的工具。 















组的差异表达，建立了三种亚历山大藻标准 2D-DIGE 图谱，发现 A.catenella，





（4）运用 2D-DIGE 技术结合 MALDI-TOF/TOF MS 及生物信息学分析，定量研
究了链状亚历山大藻有毒野生株 ACHK-T 和无毒变异株 ACHK-NT 的蛋白质组
差异表达。在 ACHK-NT 中，共有 60 个蛋白表达发生明显变化，其中 43 个高表























 Alexandrium is a widely spread dinoflagellate species throughout many regions of 
the world, many species within this genus can produce paralytic shellfish toxins 
(PSTs), which have been negatively affecting the aquaculture industries and human 
health. Moreover, many sepcies from Alexandrium genus are also the major causative 
species of harmful algal blooms (HABs).  
This study introduced two-dimensional difference gel electrophoresis (2D-DIGE) 
into proteomic study of marine dinoflagellates, developed a completely automated 
approach to identify proteins from unsequenced dinoflagellate databases, established 
the cell surface proteins (CSPs) and whole cell proteins database, and compared the 
protein profiles of tamarensis complex, as well as the comparative proteomics 
between the wild toxic A. catenella train (ACHK-T) and the mutant non-toxic A. 
catenella strain (ACHK-NT). The main results were as follows: 
 (1) This study established and optimize the 2D-DIGE method to study 
dinoflagellate proteomics. The present study used three Cydye dyes to label various 
protein samples of different Alexandrium species, optimized the labeling buffer 
system and obtained high quality 2D-DIGE reference maps of ten Alexandrium strains. 
Further more, Cydye dyes labeling did not disturb the subsequently protein 
identification using MALDI-TOF/TOF mass spectrometer. The present study provides 
a powerful tool for compatative and quantitative proteimc studies of marine 
dinoflagellates. 
(2) This study developed a multilayered, gel-based and underivatized strategy for 
de novo protein sequence analysis using a MALDI-TOF/TOF mass spectrometer with 
the assistance of DeNovo Explorer™ software. MASCOT, a highly specific stringent 
search was applied as the first layer screen to identify either known proteins or 
unknown proteins sharing identical peptides presented in a database. Once the 
confident identifications were removed after searching against the NCBInr database, 
the remainder was searched against the dinoflagellate expressed sequence tag （EST）
database. In the last layer, those borderline and non-confident hits were further 
subjected to de novo interpretation using DeNovo ExplorerTM software. The de novo 















MS-BLAST searches. This approach enabled a completely automated identification of 
novel proteins that were, otherwise, missed by conventional database searches. Using 
this layer identification method, 38 CSPs and 216 TPs representing low, middle and 
high abundant proteins from A. tamarense, a dinoflagellate with an unsequenced 
genome, were confidently or tentatively identified by database searching. These 
proteins were involved in various intracellular physiological activities.  
(3) This study compared protein profiles of tamarensis complex using 2D-DIGE 
method amd established 2D-DIGE reference maps of three species.The results showed 
that A.catenella，A.tamarense and A. fundyense presented different protein expression 
patterens with the whole protein shifting in either isoelectric point or/and molecular 
weight, indicating tamarensis complex could be classified into three species. 
Moreover, the species-specific peptide mass fingerprint (PMF) of some high abundant 
proteins were identified which provides a fast method to recognize these species in 
field samples.  
(4) A quantitative proteomic analysis of a toxicity-lost mutant (ACHK-NT) and its 
wild-type (ACHK-T) was performed to identify differentially expressed proteins 
using 2D-DIGE in combination with MALDI-TOF/TOF mass spectrometry..60 
differentially expressed proteins were identified from ACHK-NT, of which 17 were 
down-regulated and 43 were up-regulated. Among 47 identified proteins, 13 proteins 
involved in bioluminescence, secondary metabolites biosynthesis, protein 
modification and toxin biosynthesis were down-regulated while 34 proteins 
participated in carbon fixation, stress response, transporter and protein folding were 
up-regulated in ACHK-NT. These findings significantly advanced our understanding 
of the mechanisms associated with toxin biosynthesis, and the differences in certain 
biological processes between mutant and wild A. catenella might control the toxin 
producing ability. 
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缩写 英文名称 中文名称 
2D-DIGE two-dimensional difference gel electrophoresis 荧光差异凝胶双向电泳 
2-DE two dimensional electrophoresis 双向电泳 
A/B acrylamide/bis solution 丙烯酰胺溶液 
ADP adenosine diphosphate 二磷酸腺苷 
APS   ammonium persulfate 过硫酸铵 
ATP adenosine triphosphate 三磷酸腺苷 
BLAST basic local alignment search tool 
基于局部比对算法的搜索
工具 
BSA bovine serum albumin 牛血清蛋白 
BVA biological variation analysis 生物学差异分析 
C. I. confidence interval 置信度 
CCAP culture collection of algae and protozoa 
藻类及原生动物收集中心
(苏格兰) 
CCMA center for collections of marine algae 海洋藻类收集中心(厦门)
CID collision cell 碰撞池 
CSP cell surface protein 细胞表面蛋白 
DIA difference in-gel analysis 胶内差异分析 
DNA deoxyribonucleic acid， 脱氧核糖核酸 
DTT dithiothreitol 二硫苏糖醇 
EDTA ethylenediaminetetraacetic acid 乙二胺四乙酸 
EST expressed sequence tags 表达序列标签 
GAPDH glyceraldehyde-3-phosphate dehydrogenase 3-磷酸甘油醛脱氢酶 
GO gene ontology 基因本体注释 
GTX gonyautoxin 膝沟藻毒素 
HABs harmful algal blooms 有害藻华 
HBSS hanks balanced salt solution 汉克平衡盐缓冲液 
HPLC high performance liquid chromatography 高效液相色谱 
HSP heat shock protein 热休克蛋白 















IPG immobilized pH gradients 固相胶条 
ITS internal transcribed spacer 内转录间隔区 
KEGG Kyoto encyclopedia of genes and genomes 
京都基因和基因组百科全
书（网站） 
LBP luciferin-binding protein 荧光素结合蛋白 
LHP light harvesting protein 捕光蛋白 
LM light microscopy 光镜 
MALDI 
TOF/TOF 
matrix assisted laser desorption/ionization 
time-of-flight mass spectrometry 
基质辅助激光解析电离飞
行时间质谱 
MS mass spectrometry 质谱分析 
MW molecular weight 理论分子量 
NADH nicotinamide-adenine dinucleotid 烟酰胺腺嘌呤二核苷酸 
NAP50 nitrogen-associated protein 50 氮素关联蛋白 50 
NCBI national center for biotechnology information 
国家生物技术信息中心
（美国） 
PBS phosphate buffered saline 磷酸缓冲液 
PCA principal components analysis 主因子分析 
PCBP peridinin-chlorophyll a-binding protein 
多甲藻素/叶绿素结合蛋
白 
PCR polymerase chain reaction 聚合酶链反应 
PI isoelectric point 等电点 
PMF peptide mass fingerprtint 肽指纹 
PST paralytic shellfish toxins 麻痹性贝毒 
PVDF polyvinylidene fluoride 聚偏二氟乙烯 
RB rehydration buffer 溶胀液 
RuBisCO ribulose-1,5-bisphosphate carboxylase oxygenase 
核酮糖-1,5-二磷酸羧化/
加氧酶 
SDS sodium dodecylsulfate 十二烷基磺酸钠 
SEM scanning electron microscope 扫描电镜 
SNP single nucleotide polymorphism 单核苷酸多态性 
STX saxitoxin 石房蛤毒素 
TCA trichloroacetic acid 三氯乙酸 
TCA 循环 tricarboxylicacidcycle 三羧酸循环 
TEMED  n,n,n',n',-tetramethylethylenediamine 四甲基乙二胺 
TGS tris-glycine SDS 电泳缓冲液 
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